The extended hybrid electronic-ionic, thermal, magnetic, electric and force couple fields pressure and velocity boundary conditions for D3Q27 lattice Boltzmann model is established. Then, the closed-form solutions of extended distribution functions are derived. Last, the Fukushima nuclear plant Cesium-137 penetration case is discussed.
Introduction
As one of the most popular fluid simulation method, lattice Boltzmann method has been widely applied in studying the fluid problem, and a lot of landmark achievements have been obtained [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . On boundary condition aspect, Frisch et al. [17] developed a hexagonal lattice gas model and modeling the 2D Navier-Stokes equation. Jeremy et al. [18] present a cellular automaton model to simulate the process of seismogenesis. Maier et al. [10] proposed a supplementary rule for computing the boundary distribution, and presented 3D body-centered-cubic lattices are presented for Poiseuille flow. Noble et al. [11] developed a hydrodynamic boundary condition for lattice Boltzmann simulations. Zou and He [9] give the pressure and velocity boundary for 2D/3D lattice Boltzmann BGK model.
Extended fluid (electronic-ionic, thermal, magnetic, electric and force) flow pore-crack network problem is an interdisciplinary issues, which can help to study extended fluid flow mechanism in various porosity composites and analyze the extended fluid flow varying mechanism on coseismal slip. But there is little research about the extended pressure and velocity boundary condition lattice Boltzmann model under multiple coupled fields. 0307 -904X/$ -see front matter Ó 2011 Elsevier Inc. All rights reserved. doi:10.1016/j.apm.2011.08.015
Boundary conditions for the electronic and ionic field
In lattice Boltzmann method, the Navier-Stokes equations are solved via following the evolution of a set of distribution functions f ei i ðX; tÞ. It is shown in Fig. 1 , a D3Q19 lattice cubic is employed for electronic and ionic fields. The lattice velocity e mi i (i = 0, 18) at position X(x, y, z) and time t for the D3Q19 model are listed in the Table 1 .
The extended electronic and ionic density and the macroscopic flow velocity are defined in terms of the particle distribution function by where a = 1 $ 3, the extended electronic and ionic equilibrium distribution functions for incompressible model and compressible model can be written as follows [19] [20] [21] , 
Front-rear flow
As shown in Fig. 1a , when the electronic and ionic flow direction is from front to rear, after streaming, the unknown distribution functions are f 
Pressure boundary condition (PC)
For the front inlet and rear outlet case, using Zou and He method [9] , the f p:mi fr:i (i = 15, 9, 16, 3, 7) can be derived from the Eqs. (1) and (2) , and the explicit expressions can be defined as 
Velocity boundary condition (VC)
At the situation, the macroscopic flow velocity should be defined as
After instead the Eq. (1) with above equation, through the similar derivation of pressure boundary condition, we can obtain the unknown distribution functions for velocity boundary condition. For the front inlet and rear outlet case, f v:mi 
South-north flow
As shown in Fig. 1b , when the electronic and ionic flow direction is from south to north, after streaming, the unknown distribution functions are f mi sn:i (i = 5, 11, 12, 15, 17) , on the contrary, the unknown distribution functions are f mi ns:i (i = 6, 13, 14, 16, 18 
2.3. West-east flow
As shown in Fig. 1c , when the electronic and ionic flow direction is from west to east, after streaming, the unknown distribution function are f 
For the east inlet and west outlet case, f v:mi ew:i (i = 2, 9, 10, 12, 14) are defined as, 
q v:mi
After we define similar the lattice velocity e f i and the distribution function f f i (i = 0, 18) at position X(x, y, z) and time t for the fluid flow, we can obtained the similar pressure and velocity boundary conditions for fluid flow problem (force field).
Boundary conditions for the thermal field
It is shown in Fig. 2 . A D3Q15 lattice cubic is employed for the thermal field. The lattice velocity e t i (i = 0, 14) at position X(x, y, z) and time t for the D3Q15 model are listed in the Table 2 .
The extended thermal flow density and the macroscopic flow velocity are defined in terms of the particle distribution function by
ð43Þ
The extended thermal flow equilibrium distribution functions for incompressible model and compressible model can be written as follows [19] [20] [21] ,
where a
Front-rear flow
As shown in Fig. 2a , when the thermal fluid flow direction is from front to rear, after streaming, the unknown distribution functions are f t fr:i (i = 3, 7, 9, 12, 14), on the contrary, after streaming, the unknown distribution functions are f t rf :i (i = 10, 11, 4, 8, 13).
PC
For the front inlet and rear outlet case, using Zou and He method [9] , the f p:t fr:i (i = 3, 7, 9, 12, 14) can be derived from the Eqs. (43) and (44) 
West-east flow
As shown in Fig. 2c , when the thermal fluid flow direction is from west to east, after streaming, the unknown distribution function are f 
q v:t
Boundary conditions for the strong coupled electromagnetic field
It is shown in Fig. 3a . D3Q13 lattice cubic is employed for the strong coupled electromagnetic field. The lattice velocity e mw i (i = 0, 12) at position X(x, y, z) and time t for the D3Q13 model are listed in the Table 3 . 
where a mw i
Front-rear flow
As shown in Fig. 3a , when the electromagnetic fluid flow direction is from front to rear, after streaming, the unknown distribution functions are f 
PC
For the front inlet and rear outlet case, using Zou and He method [9] , the f À f 
After instead the Eq. (91) with above equation, through the similar derivation of pressure boundary condition, we can obtain the unknown distribution functions for velocity boundary condition. For the front inlet and rear outlet case, f v:mw 
q v:mw
South-north flow
As shown in Fig. 3b , when electromagnetic fluid flow direction is from south to north, after streaming, the unknown distribution functions are f À f 
For 
West-east flow
As shown in Fig. 3c , when the electromagnetic fluid flow direction is from west to east, after streaming, the unknown distribution function are f q v:mw 
After we define similar the lattice velocity e e i and the distribution function f e i (i = 0, 12) at position X(x, y, z) and time t for the electric fluid flow, we can obtained the similar pressure and velocity boundary conditions for electric fluid flow field.
Boundary conditions for magnetic field
It is shown in Fig. 4a . D3Q7 lattice cubic is employed for the magnetic field. The lattice velocity e m i (i = 0, 6) at position X(x, y, z) and time t for the D3Q7 model are listed in the Table 4 .
The extended magnetic density and the macroscopic flow velocity are defined in terms of the particle distribution function by 
where a 
Front-rear flow
As shown in Fig. 4a , when the magnetic fluid flow direction is from front to rear, after streaming, the unknown distribution functions are f m fr:3 , on the contrary, after streaming, the unknown distribution functions are f mi rf :4 .
PC
For the front inlet and rear outlet case, using Zou and He method [9] , the f 
For the rear inlet and front outlet case, f v:m rf :4 , can be defined as
South-north flow
As shown in Fig. 4b , when the magnetic fluid flow direction is from south to north, after streaming, the unknown distribution functions are f 
For the north inlet and south outlet case, f v:m ns:6 is defined as
West-east flow
As shown in Fig. 4c , when the magnetic fluid flow direction is from west to east, after streaming, the unknown distribution function is f m we:1 , on the contrary, the unknown distribution functions is f m ew:2 . 
For the east inlet and west outlet case, f v:m ew:2 are defined as,
6. Boundary conditions for multiple coupled fields
The extended hybrid cubic lattice D3Q27 model is defined by combined D3Q19 (electric and ionic field) model, D3Q19 (force field) model, D3Q15 (thermal fields) model, D3Q13 (Maxwell equation-strong electromagnetic coupled field) model, D3Q13 (electric field) model and D3Q7 (magnetic field) model for multiple coupled fields, the extended multiple coupled pressure and velocity condition and derive the extended distribution functions for every kind of possible case was established, see Figs. 5 and 6.
The brief presentations of the extended lattice velocity e i (X, t) (i = 0$ 26) at position X(x, y, z) and time t, and the distribution functions for hybrid D3Q27 model are given in Table 5 , where c l kn ðl ¼ 1 $ 27; k ¼ 1 $ 6; n ¼ 1 $ 6Þ is coupled coefficient matrix (27 Â 6 Â 6), further details can be found in Refs. [22, 23] .
The extended multiple coupled fields density and the macroscopic flow velocity are defined in terms of the particle distribution function by 
Application
To verify the precision, stability and convergent valid of the extended hybrid boundary conditions, the typical extended 3D flow driven pore-crack network Fukushima nuclear plant leak accident model is considered and the penetration process of Cesium-137 at different temporal spatial scales have been calculated.
As shown in Fig. 7 , the multi temporal spatial scale Fukushima Cesium-137 penetration and diffusion D3Q27 LBM model is established.
The penetration and diffusion process as function of time and spatial variables are shown in the Fig. 8 . After the disaster, Cesium-137 penetration and diffusion into seawater/stratum fastly and the preferred direction of diffusion is Pacific Ocean zone. After six months, the nuclear leak will reach to the bottom of Pacific Ocean, and the preferred direction of diffusion is change to crust zone. Over another twelve months the nuclear leak will diffuse to all zones (100 Km Â 100 Km) and at this time the content of Cesium-137 close to the surface of the Earth begin reduce. In engineer practice, this can help understand the extended fluid flow mechanism in various porosity composites and analyze the extended fluid flow varying mechanism on nuclear leak problem.
Conclusions
In this paper, the extended hybrid electronic-ionic, thermal, electromagnetic (weak and strong coupled conditions) and force couple fields pressure and velocity boundary conditions for the lattice Boltzmann model is established.
The numerical model of an extended fluid flow driven pore-crack network is proposed to examine the accurate of the hybrid boundary condition. The simulation verify that the precision, stability and convergent valid is satisfied.
